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Scaling farmer-led irrigation in  
sub-Saharan Africa: What does it take? 
Irrigation can significantly raise agricultural production, 
increase food security and reduce poverty among 
smallholder farmers in the developing world (Burney 
et al. 2013; Hagos et al. 2012). This was witnessed in the 
role that irrigation schemes played in the Green Revolution 
across Asia (Kimmich 2013; Namara et al. 2007, 2010; Shah 
2009). Worldwide, only 20% of cultivated land is irrigated, 
yet it accounts for 40% of global food production (FAO 2015). 
However, this irrigated area is concentrated in Asia and the 
Americas; only 4% of total agricultural land is irrigated in sub-
Saharan Africa (SSA) (Burney et al. 2013).  
SSA is currently dominated by rain-fed cultivation, with few 
irrigated plots and irrigating households. This was highlighted 
from an examination of the Living Standards Measurement Study 
- Integrated Surveys on Agriculture (LSMS-ISA) data for Nigeria, 
Ethiopia and Malawi. In 2015-2016, only 1.68% and 1.82% of all 
plots in Nigeria and Ethiopia, respectively, were irrigated. In 
Malawi, the share of irrigated plots was 0.73% in 2016-2017. In 
2015-2016, the share of households with at least one irrigated plot 
was 1.46% in Nigeria and 6.76% in Ethiopia. In Malawi, 0.58% 
of households had at least one irrigated plot in 2016-2017. These 
values suggest that very few households practice irrigation and 
very few plots are irrigated. 
Technical Brief
Among the households that practice irrigation in SSA, 
dependency on surface water and groundwater differs 
across countries. In 2015-2016, almost 5% of all households 
practicing irrigation in Nigeria used a shallow well, while 
a similar share used a borehole. In Ethiopia, in 2013-2014, 
almost 9% of households practicing irrigation used a 
borehole; the LSMS-ISA did not report borehole data for 
2015-2016. In 2016-2017, 60% of all households practicing 
irrigation in Malawi used a shallow well. Surface water 
(rivers, lakes, ponds, streams) continues to be an important 
source of water for irrigation, with 62% and 74% of irrigators 
in Nigeria and Ethiopia, respectively, depending on it in 2015-
2016. However, surface water is less important in Malawi, 
with only 23% of irrigators using this as a source of water for 
irrigation in 2016-2017.
‘Farmer-led irrigation’ is being encouraged through 
government policy across SSA. Irrigation schemes (large or 
community based) provided and driven by the government 
have largely failed to function due to lack of maintenance and 
revenues. Therefore, the increasing focus of governments is 
on farmer-driven efforts that expand irrigated areas. This is 
especially the case in Ethiopia, where the Ministry of Agriculture 
and the Agricultural Transformation Agency are working on 
creating environments to enhance farmer-led irrigation. 
Groundwater will have an important role to play in farmer-
led irrigation in SSA (see Altchenko and Villholth 2015 for 
groundwater potential; Macdonald et al. 2012 for groundwater 
resources; Schmitter et al. 2018 for the potential for solar 
and diesel pumps; and Worqlul et al. 2017 for suitability of 
lands for groundwater irrigation). Groundwater will be of 
importance partly due to constraints on public spending, 
and also due to the agroclimatic challenges that render the 
development of large public surface water schemes infeasible. 
Particular emphasis is being placed on increasing the use of 
solar and diesel pumps to tap shallow groundwater; viewing 
solar pumps as being more attractive due to zero marginal 
costs of pumping.  
Even in areas suitable for groundwater use, the costs of 
pumps and equipment remain a major barrier. These remain 
expensive and largely available. In Ethiopia, where smallholders 
typically use their own finances to pay for water pumps to irrigate 
farms mostly under 5 hectares, the government has imposed a 
37% import duty (tax) on the price of motor pumps of 1 to 10 
horsepower (Gebregziabher et al. 2014). Bringing down prices 
of pumps may make technologies more affordable. In addition, 
access to credit, one of the determinants of technology adoption, 
appears to be hindering the scaling of irrigation in the country 
(Getacher et al. 2013; Abate et al. 2016; Adeoti 2008). To this 
end, countries such as Ethiopia are removing tariffs on irrigation 
equipment (i.e., subsidizing gadgets) and are considering 
modalities to offer credit to farmers for purchasing irrigation 
equipment (pers. comm. Agricultural Transformation Agency and 
Ministry of Agriculture, Government of Ethiopia, 2019).
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However, reducing prices and offering credit may not 
be sufficient for boosting the adoption of pumps and 
equipment to tap groundwater. Many other factors can 
affect smallholder farmers’ decisions to adopt pumps, but 
knowledge gaps remain with respect to creating enabling 
conditions. For example, differing degrees of access to 
markets and information affect the costs that farmers face 
for both modern inputs and their marketed surplus, and 
thus need to be better understood in order to develop 
comprehensive systems for irrigation inputs (Feder and Umali 
1993; Nakawuka et al. 2018).  
The respective roles of microfinance institutions (private) 
and cooperatives (public) in the adoption of agricultural 
technologies are not well understood (e.g., Abate et al. 
2016 examined the adoption of fertilizers and seeds—variable 
inputs—and found that the effects of microfinance institutions 
and cooperatives on adoption vary by farm size and input use). 
Cooperatives typically provide loans for variable inputs such as 
seeds and fertilizers (and have had an effect on the adoption 
of agricultural technologies, e.g., see Abebaw and Haile 
2013), while microfinance institutions typically provide loans 
for assets. However, the effects of using pumps on household 
incomes and livelihoods are likely realized only after the typical 
payback period for loans from microfinance institutions, and 
perhaps even after the life span of the equipment (Merrey and 
Lefore 2018; Yamegueu et al. 2019). Thus, understanding the 
role of cooperatives in financing irrigation equipment, and 
the demand for credit from farmers, is important for targeting 
policy efforts. 
Finally, the cost of drilling boreholes is significantly high 
(Carter et al. 2006; World Bank 2006; Gebregziabher et 
al. 2013), and is fettered with relatively large uncertainties 
about yielding groundwater (for details, see Worqlul et al. 
2017; Schmitter et al. 2018). Consequently, the willingness 
to adopt a pump may be compromised as farmers are less 
likely to drill boreholes amid the uncertainty (as they are 
unsure about ‘hitting’ groundwater). Whether the public 
provision of boreholes (with costs shared between farmers and 
governments) can boost the private adoption of pumps perhaps 
merits examination. 
The International Water Management Institute (IWMI) is 
currently conducting research that addresses the knowledge 
gaps identified and explained above.
• IWMI has undertaken an analysis of LSMS-ISA data in 
Ethiopia, overlaying it with groundwater and solar suitability 
mappings to examine the magnitude of farmers who would 
likely benefit from groundwater irrigation and solar pumps 
(Kafle et al. 2020, in review). These results suggest that 
population density is positively correlated with groundwater 
irrigation suitability and negatively correlated with solar 
irrigation suitability. Results also suggest that groundwater 
irrigation suitability is positively correlated with economic 
well-being and with cultivating cash crops. This suggests that 
relatively better-off individuals reside in areas that are more 
suitable for groundwater irrigation and are thus more likely 
to benefit from programs and interventions that promote 
groundwater abstraction.  
• IWMI is currently designing and implementing a field-based 
experimental study that explores the role of reducing prices, 
credit constraints and risks in the adoption of pumps for 
groundwater-based irrigation. The results of this study will 
be used to inform policy dialogues around smallholder 
irrigation, and to inform the design of pilot investments that 
aim to develop smallholder irrigation value chains. 
References
Abate, G.T.; Rashid, S.; Borzaga, C.; Getnet, K. 2016. Rural finance and agricultural 
technology adoption in Ethiopia: Does the institutional design of lending 
organizations matter? World Development 84: 235-253.  
https://doi.org/10.1016/j.worlddev.2016.03.003
Abebaw, D.; Haile, M.G. 2013. The impact of cooperatives on agricultural 
technology adoption: Empirical evidence from Ethiopia. Food Policy 38: 82-91. 
https://doi.org/10.1016/j.foodpol.2012.10.003
Adeoti, A.I. 2008. Factors influencing irrigation technology adoption and its impact 
on household poverty in Ghana. Journal of Agriculture and Rural Development in 
the Tropics and Subtropics 109(1): 51-63.
Altchenko, Y.; Villholth, K.G. 2015. Mapping irrigation potential from renewable 
groundwater in Africa - a quantitative hydrological approach. Hydrology and Earth 
System Sciences 19: 1055-1067. https://doi.org/10.5194/hess-19-1055-2015
Burney, J.A.; Naylor, R.L.; Postel, L.S. 2013. The case for distributed irrigation as a 
development priority in sub-Saharan Africa. Proceedings of the National Academy 
of Sciences of the United States of America 110(31): 12513-12517.  
https://doi.org/10.1073/pnas.1203597110
Carter, R.; Belete, E.; Berhe, E.; Defere, E.; Horecha, D.; Negussie, Y. 2006. 
Reducing the costs of borehole drilling in Africa: Insights from Ethiopia. Waterlines 
25(1): 7-9. 
FAO (Food and Agriculture Organization of the United Nations). 2015. FAOSTAT 
database. Available at http://faostat.fao.org/en (accessed September 16, 2019).
Feder, G.; Umali, D.L. 1993. The adoption of agricultural innovations: A review. 
Technological Forecasting and Social Change 43(3-4): 215-239.  
https://doi.org/10.1016/0040-1625(93)90053-A
Gebregziabher, G.; Villholth, K.G.; Hanjra, M.A.; Yirga, M.; Namara, R.E. 2013. Cost-
benefit analysis and ideas for cost sharing of groundwater irrigation: evidence from 
north-eastern Ethiopia. Water International 38(6): 852-863.  
https://doi.org/10.1080/02508060.2014.847006
Gebregziabher, G.; Giordano, M.A.; Langan, S.J.; Namara, R.E. 2014. Economic 
analysis of factors influencing adoption of motor pumps in Ethiopia. Journal of 
Development and Agricultural Economics 6(12): 490-500.
Getacher, T.; Mesfin, A.; Gebre-Egziabher, G. 2013. Adoption and impacts of an 
irrigation technology: Evidence from household level data in Tigray, Northern 
Ethiopia. African Journal of Agricultural Research 8(38): 4766-4772.
Hagos, F.; Jayasinghe, G.; Awulachew, S.B.; Loulseged, M.; Yilma, A.D. 2012. 
Agricultural water management and poverty in Ethiopia. Agricultural Economics 
43(s1): 99-111. https://doi.org/10.1111/j.1574-0862.2012.00623.x
Kafle, K.; Leh, M.; Omottilewa, O. 2020. How does biophysical suitability for 
irrigation correspond to demographics and agricultural practices? Mapping 
irrigation suitability data with farm- and household- survey data in Ethiopia. Food 
Policy. In review. 
Kimmich, C. 2013. Incentives for energy-efficient irrigation: Empirical evidence of 
technology adoption in Andhra Pradesh, India. Energy for Sustainable Development 
17(3): 261-269. https://doi.org/10.1016/j.esd.2013.02.004
MacDonald, A.M.; Bonsor, H.C.; Dochartaigh, B.É.Ó.; Taylor, R.G. 2012. Quantitative 
maps of groundwater resources in Africa. Environmental Research Letters 7(2): 
024009. https://doi.org/10.1088/1748-9326/7/2/024009 
Merrey, D.J.; Lefore, N. 2018. Improving the availability and effectiveness of rural 
and “micro” finance for small-scale irrigation in sub-Saharan Africa: A review of 
lessons learned. Colombo, Sri Lanka: International Water Management Institute 
(IWMI). 46p. (IWMI Working Paper 185). Available at  
https://www.iwmi.cgiar.org/Publications/Working_Papers/working/wor185.pdf 
(accessed on March 7, 2020).
Nakawuka, P.; Langan, S.; Schmitter, P.; Barron, J. 2018. A review of trends, 
constraints and opportunities of smallholder irrigation in East Africa. Global Food 
Security 17: 196-212. https://doi.org/10.1016/j.gfs.2017.10.003
Namara, R.E.; Nagar, R.K.; Upadhyay, B. 2007. Economics, adoption determinants, 
and impacts of micro-irrigation technologies: Empirical results from India. 
Irrigation Science 25: 283-297. https://doi.org/10.1007/s00271-007-0065-0
Namara, R.E.; Hanjra, M.A.; Castillo, G.E.; Ravnborg, H.M.; Smith, L.; van Koppen, 
B. 2010. Agricultural water management and poverty linkages. Agricultural Water 
Management 97(4): 520-527. https://doi.org/10.1016/j.agwat.2009.05.007
Schmitter, P.; Kibret, K.S.; Lefore, N.; Barron, J. 2018. Suitability mapping framework 
for solar photovoltaic pumps for smallholder farmers in sub-Saharan Africa. 
Applied Geography 94: 41-57.  
Shah, T. 2009. Taming the anarchy: Groundwater governance in South Asia. 
Washington, DC, USA: Resources for the Future; Colombo, Sri Lanka: International 
Water Management Institute (IWMI).
World Bank. 2006. Ten-step guide towards cost-effective boreholes: Case study of 
drilling costs in Ethiopia. WSP field note; Rural Water Supply series. Washington, 
DC: World Bank.
Worqlul, A.W.; Jeong, J.; Dile, Y.T.; Osorio, J.; Schmitter, P.; Gerik, T.; Srinivasan, 
R.; Clark, N. 2017. Assessing potential land suitable for surface irrigation using 
groundwater in Ethiopia. Applied Geography 85: 1-13.  
https://doi.org/10.1016/j.apgeog.2017.05.010
Yamegueu, D.; Alokore, Y.; Corso, G. 2019. Potential of microfinanced solar water 
pumping systems for irrigation in rural areas of Burkina Faso. Energy, Sustainability 
and Society 9: 8. https://doi.org/10.1186/s13705-019-0190-7
Yu, L.; Huang, J.; Wang, J.; Rozelle, S. 2008. Determinants of agricultural water 
saving technology adoption: An empirical study of 10 provinces of China. Ecological 
Economics 4: 462-472.
Contacts
Soumya Balasubramanya, Research Group Leader - Economics 
(s.balasubramanya@cgiar.org) 
Petra Schmitter, Research Group Leader - Sustainable and Resilient Food 
Production Systems (p.schmitter@cgiar.org) 
Thai Minh, Senior Researcher - Upscaling Innovations (ILSSI)  
(t.minh@cgiar.org)
Acknowledgements
This research was carried out as part of the Feed the Future Innovation Lab for 
Small Scale Irrigation (ILSSI) project, funded by the United States Agency for 
International Development (USAID) (https://ilssi.tamu.edu/). It was also carried 
out as part of the CGIAR Research Program on Water, Land and Ecosystems 
(WLE) and supported by Funders contributing to the CGIAR Trust Fund (https://
www.cgiar.org/funders/).




127 Sunil Mawatha, Pelawatta
Battaramulla, Sri Lanka
Mailing address:
P. O. Box 2075  
Colombo, Sri Lanka
Tel: +94 11 2880000




The International Water Management Institute (IWMI) is a
non-profit, research-for-development organization that works with
governments, civil society and the private sector to solve water
problems in developing countries and scale up solutions. Through
partnership, IWMI combines research on the sustainable use of water 
and land resources, knowledge services and products with capacity 
strengthening, dialogue and policy analysis to support implementation of 
water management solutions for agriculture, ecosystems, climate change 
and inclusive economic growth. Headquartered in Colombo, Sri Lanka, 
IWMI is a CGIAR Research Center and leads the CGIAR Research Program 
on Water, Land and Ecosystems (WLE).
